Statistical tests for Hardy-Weinberg equilibrium are important elementary tools in genetic 22 data analysis. X-chromosomal variants have long been tested by applying autosomal test 23 procedures to females only, and gender is usually not considered when testing autosomal 24 variants for equilibrium. Recently, we proposed specific X-chromosomal exact test procedures 25 for bi-allelic variants that include the hemizygous males, as well as autosomal tests that 26 consider gender. In this paper we present the extension of the previous work for variants 27 with multiple alleles. A full enumeration algorithm is used for the exact calculations of tri-28 allelic variants. For variants with many alternate alleles we use a permutation test. Some 29 empirical examples with data from the 1000 genomes project are discussed.
X chromosomal exact inference with gender
We condition on the numbers of males (n m ) and females (n f ). Under the hypothesis of Hardyof the genotype counts is given by
(
where h = i>j n f ij is the total female heterozygote count, and p i the relative frequency of the 106 ith allele. Under HWP and EAF, the allele counts N i follow a multinomial distribution given
The conditional distribution of the genotype counts given the allele counts is obtained by 109 dividing Equation (2) by (3), and is given by:
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(4)a k n k1 n k2 · · · n kk a 1 a 2 · · · a k a k n mk a k n f k1 n f k2 · · · n f kk a 1 a 2 · · · a k a k n mk1 n mk2 · · · n mkk a k n f k1 n f k2 · · · n f kk a 1 a 2 · · · a k a 1 a 2 · · · a k Table 4 : Table of all possible outcomes and probabilities of a sample consisting of 10 individuals (6 males and 4 females) with total allele counts A = 3, B = 5 and C = 6 (first part). Table 11 : Test results for three multi-allelic variants on chromosome 7 of the JPT sample.
